This study compared the levels of cell proliferation and peroxisome proliferation in rodent liver with tumor incidence, to provide more information on the relationship between these events following chronic exposure. Fischer 344 rats were treated with 0, 100, 500, 2500, or 12,500 ppm DEHP, and B6C3F 1 mice were treated with 0, 100, 500, 1500, or 6000 ppm DEHP in the diet for up to 104 weeks. Additional groups of rats and mice received the highest concentration for 78 weeks and then the control diet for an additional 26 weeks (recovery groups). Animals were terminated at weeks 79 and 105 for histopathologic examination. Elevated palmitoyl CoA oxidation activity and higher liver-to-body weight ratios were observed for the 2500-and 12,500-ppm groups of rats, and for the 500-, 1500-, and 6000-ppm groups of mice at Week 105. No increase in palmitoyl CoA oxidation activity was evident in the recovery group, and relative liver weights were near control levels following recovery. No hepatic cell proliferation was detected at Weeks 79 or 105 in either species although preliminary data indicated that cell proliferation did occur within the first 13 weeks of exposure. A significantly higher incidence of hepatocellular tumors was only observed for the 2500-and 12,500-ppm group and its recovery group of rats, and for the 500-, 1500-, and 6000-ppm groups and the recovery group of mice. The tumor incidences were reduced for the recovery groups compared with the groups fed DEHP continuously for 104 weeks. The data indicate that high levels of peroxisome proliferation and hepatomegaly are associated with DEHP hepatocarcinogenesis in rodent liver, and that the tumorigenic process may be arrested by cessation of DEHP treatment, suggesting that extended treatment with DEHP acts to promote tumor growth.
demonstrated that di(2-ethylhexyl)-phthalate (DEHP) was one of a number of substances called peroxisome proliferators (PP), which induce increased peroxisome formation and enzyme activity in the livers of rats. At dietary levels of 20,000 ppm and greater, enzymes such as carnitine acyl transferase, palmitoyl CoA oxidation, and catalase increase in activity following 2 to 3 weeks of exposure. The number and size of peroxisomes also increases, as does the size of the liver. DEHP was found by the National Toxicology Program (NTP) to be a hepatocarcinogen in Fischer 344 rats and B6C3F 1 mice (Kluwe et al., 1982) . Dietary concentrations of 6000 and 12,000 ppm in rats (322-394 and 674 -774 mg/ kg/day in males and females for the 2 dietary levels, respectively), or 3000-and 6000-ppm levels in mice (672-799 and 1325-1821 mg/kg/day in males and females for the 2 dietary levels, respectively) were used. Previous chronic studies in rats using dietary concentrations of up to only 5000 ppm and a dose level of 250 mg/kg/day had not demonstrated carcinogenicity (Carpenter et al., 1953; Harris et al., 1956 ), but exposure concentrations may have been below a critical threshold.
Because other substances, such as hypolipidemic agents that produce peroxisome proliferation in the liver of rodents, also produce liver tumors, a link between peroxisome proliferation and hepatocarcinogenesis was proposed (Reddy et al., 1980) . Under this hypothesis, aromatic oxidation activity increases in the cell, which in turn results in higher levels of hydrogen peroxide. These higher levels of peroxide are not completely metabolized by catalase, and DNA damage may result (Ashby et al., 1994) . Subsequent studies to evaluate the genotoxicity of PPs indicate that DEHP is not mutagenic in bacteria. DEHP is not an initiator in initiation/promotion studies, but does promote the growth of initiated cells in initiation/promotion studies in rats (Ashby et al., 1994) . Thus, without evidence of direct or indirect DNA damage, the tumorigenic process in rat liver appears to operate by a non-genotoxic mechanism. Some have suggested that peroxisome proliferation and prolonged, low-level cell proliferation are events that are linked to, or are reflective of, tumorigenesis (Hsia, 1990) . Unfortunately, this hypothesis has been difficult to substantiate because some PPs have not been tested for carcinogenicity. For those that have been tested, the studies have not used protocols that correlated peroxisomal enzyme activity with tumor formation and cell proliferation.
Cell proliferation, like peroxisome proliferation, has been proposed to correlate with early cellular events that lead to carcinogenicity. Loury et al. (1987) suggested that cell proliferation was a predictor of carcinogenicity, especially for substances that do not appear to be genotoxic yet result in tumors following chronic exposure. Marsman et al. (1988) suggested, in their study of long-term exposure to DEHP and WY 14643, that sustained, low levels of cell proliferation in rats was confined primarily to areas of the liver that later developed tumors. Unfortunately, Marsman and coworkers did not conduct their study at dietary concentrations lower than 12,000 ppm. Therefore, it has not been possible to correlate tumors with other biochemical events in animals given lower levels of DEHP.
The purpose of the study presented here was to provide information about the correlation of cell proliferation and peroxisome proliferation with tumorigenesis in rats.
MATERIALS AND METHODS
Chemicals. Di-(2-ethylhexyl)phthalate (CAS No. 117-82-7), 99.7% pure, was supplied by Eastman Chemical Company (Kingsport, TN). The structure and purity were confirmed prior to use and the purity was reconfirmed at the termination of the study. WY 14643 was purchased from ChemSyn Science Laboratories (Lenexa, KS) at a purity of 98% and used as a positive control for cell proliferation and peroxisome proliferation. Bromodeoxyuridine (BrdU) and 3,3Ј-diaminobenzidine tetrahydrochloride (DAB) chromogen were purchased from Sigma Chemical Company (St. Louis, MO) for cell labeling. Antibodies to BrdU were obtained from BioGenex (San Ramon, CA).
Animals. Six-week-old male and female (nulliparous) Fischer-344 rats (CFD(F344)CrlBR) obtained from Charles River Laboratories, Inc. (Raleigh, NC) and 6-week-old male and female B6C3F 1 mice (B6C3F 1 /CrlBR), obtained from Charles River Laboratories, Inc. (Portage, MI), were used for the study. Animals were maintained on tap water and powdered PMI #5002 chow (Purina Mills, Inc., Richmond, VA). Animal husbandry conformed to standards outlined in the Guide for the Care and Use of Animals (National Research Council, 1996) . Procedures that had the potential to cause pain or discomfort to the animals were employed only under anesthesia.
Treatment levels for bioassay. Dosage levels for rats were 0, 100, 500, 2500, or 12,500 ppm DEHP in the diet, and for mice were 0, 100, 500, 1500, or 6000 ppm DEHP in the diet. The concentration of DEHP in the diet was verified periodically by high-performance liquid chromatography analysis. Five groups of 55 rats or mice per sex per group were treated for 104 weeks; a sixth group of 55 animals received the highest dietary level for 78 weeks followed by 26 weeks of control diet (recovery group). All animals were designated for terminal sacrifice at Week 105. Fifteen additional rats in the 0-, 2500-, and 12,500-ppm groups, and fifteen additional mice in the 0-and 6000-ppm groups, were designated for cell proliferation/biochemical analyses (5 per sex/group) and histopathology (10 per sex/group) at Week 79. Another ten animals per sex per group were used for cell proliferation and biochemical analyses at Week 105. All animals were euthanized.
Subchronic effects on biochemical and cellular endpoints. Five rats per sex per group treated with 0 or 12,500 ppm DEHP were designated for cell proliferation and biochemical analyses at the end of Weeks 1, 2, and 13. Five mice per sex per group treated with 0, 1000, 10,000, or 17,500 ppm DEHP were designated for cell proliferation and biochemical analyses at the end of Weeks 1, 4, and 13. For each species, groups of 5 male animals treated with 1000 ppm WY 14643 were sacrificed for cell proliferation and biochemical analyses at the same time intervals as a positive control for cell proliferation.
Peroxisomal enzyme activity. Liver samples were homogenized in Tris ⅐HCl buffer (pH 8.3) and centrifuged at 3300 ϫ g for 20 min in a refrigerated centrifuge. The post-nuclear supernatant was filtered through spun glass and frozen at -70°C until analysis. Palmitoyl CoA oxidation activity in postnuclear homogenates was determined by a procedure adapted from Gray et al. (1983) . The reaction mixture consisted of 45 mM Tris buffer (pH 8.3), 1.0 mM NAD, 0.1 mM CoA, 1 mM dithiothreitol, 75 g/mL of bovine serum albumin, 0.01 mM FAD, 0.01% Triton X-100, 1 mM KCN, 40 nM palmitoyl CoA, and 100 g of enyzyme protein. The reaction was initiated by adding the substrate, and enzyme activity in the reaction mixture was measured over a 10-min period with a dual-beam spectrophotometer set at 340 nm. The absorbance in the mixture was compared with the absorbance in a reference cuvette containing everything except enzyme. The activity was expressed as nmol NADH formed/min/mg protein. The protein concentration of the homogenate was determined by the method of Lowry et al. (1951) .
Cell proliferation. Animals from each group were anesthetized, and osmotic pumps (Model 2ML1, 10 L/h; ALZA Corp., Palo Alto, CA) containing BrdU (20 mg/mL) were implanted three days prior to necropsy. At termination, samples of the liver and duodenum were fixed in 10% neutral-buffered formalin and imbedded in paraffin. Incorporation of BrdU was determined immunohistochemically with Biogenix antibodies and DAB chromogen according to the procedure of Sugihara et al. (1986) . The labeling index was calculated from the number of labeled cells per 2000 hepatocytes in randomly selected fields of the left lateral lobe of the liver. The duodenum was used as a positive control to ensure that rapidly dividing cells could be identified with the stain.
Histopathology. Liver sections from the 0, 2500, and 12,500 ppm groups of rats, and 0-and 6000-ppm groups of mice necropsied at Week 79 were evaluated for hepatocellular neoplasia. Liver sections from all groups necropsied at Week 105 and intercurrent deaths were also evaluated for hepatocellular neoplasia. Tissues were imbedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin.
Statistics. Organ weights and biochemical endpoints were analyzed by analysis of variance followed by a Dunnett's t-test. Tumor incidence was compared by the Fisher's Exact test. A probability of 0.05 was used to determine significance.
RESULTS

Hepatomegaly, Peroxisomal Enzyme Activity, and Cell Proliferation following Subchronic Exposure to DEHP
The liver-to-body weight ratios, level of cell proliferation, and peroxisomal enzyme activity following treatment for up to 13 weeks are presented in Tables 1 (rats) and 2 (mice). Significantly higher relative liver weight (mean) was seen consistently in rats treated with Ն2500 ppm and in mice treated with Ն3000 ppm DEHP beginning at Week 1 (Table 1) . Although the data set for palmitoyl CoA oxidation is incomplete, animals with elevated relative liver weight also had higher palmitoyl CoA oxidation activity. Significantly higher palmitoyl CoA oxidation activities were seen at Week 1 for rats given 12500 ppm and for mice given 10,000 or 17,500 ppm DEHP (Tables  1 and 2 ). The activity for rats was at least 2-3 times higher at Week 1 than in the control group and remained at least 3-4 times above control levels at Weeks 2 and 13, while the activity for mice was 6 -14 times above control levels at Week 1 and remained at roughly that level at Weeks 4 and 13. A correlation between increased relative liver weight and labeling indices (LI) was not apparent. The LI for male and female rats of the 12,500-ppm-DEHP group were significantly elevated (7-20 times above control) at Week 1. Thereafter, only male rats treated with WY-14643 showed significantly elevated LI values (8 -23 times above control) at Weeks 2 and 13. LI values for males and females were similar. For mice exposed to 10,000 or 17,500 ppm DEHP, LI values were elevated (5-12 times for the 10,000-ppm group, 3-10 times for the 17,500-ppm group) at Week 13, but no statistically significant increases were seen (Table 2 ). Mice treated with WY-14643 showed significantly elevated LI values beginning at Week 1 that continued to be elevated at Week 13 (50 -100 times above control).
Hepatomegaly, Peroxisomal Enzyme Activity, and Cell Proliferation following Chronic Exposure to DEHP
The relative liver weight (to body weight), level of cell proliferation, and peroxisomal enzyme activity at Week 105 are presented in Tables 3 (rats) and 4 (mice). Relative liver weights for rats treated continuously with Ն2500 ppm DEHP, and for male mice treated continuously with Ն1500 ppm DEHP and female mice treated with 6000 ppm DEHP were significantly higher at Week 105 than for the respective control groups. For rats, hepatomegaly correlated with significantly higher palmitoyl CoA oxidation activities for the 2500-and 12,500-ppm groups. For mice, increased relative liver weight did not correlate with elevated palmitoyl CoA oxidation in that significantly higher palmitoyl CoA oxidation was seen for the 500 ppm and higher groups of males and females. There was no evidence of cell proliferation in any animals treated with DEHP for 104 weeks (animals with liver tumors were excluded from the analysis). Cessation of treatment for the final 26 weeks resulted in a reduction in liver weight and palmitoyl CoA oxidation activity approaching control levels. For the recovery group of rats, no significant differences in relative liver weight or palmitoyl CoA oxidation activity were seen, and for the mouse recovery group, the mean relative liver weight, for only the male mice, was significantly higher than for the control group, but the female liver weight was not. There was no apparent effect of cessation of treatment on LI. One male rat from the recovery group had a higher LI value when compared with other animals, but cell proliferation values in the recovery groups were otherwise unremarkable and similar to the control values.
Survival
Survival curves for animals on test are presented in Figures  1-4 . There were no significant differences in survival among rats, although there was a trend to lower survival by Week 105 for the 12,500-ppm groups. Survival rates for control males and females, respectively, were 82 and 80%, compared with 73 and 70%, respectively, for the 12,500-ppm group. The cause of death appears to have been mononuclear cell leukemia, which had a slightly higher incidence for the 12,500-ppm group compared with the controls. The survival of male mice treated with 6000 ppm DEHP was significantly lower between Weeks 47-96 than for the controls and at termination, while the 
Histopathology
Hepatocellular adenomas (HCA) and carcinomas (HCC) were detected at Weeks 79 and 105 in both rats (Table 5 ) and in mice (Table 6 ). The incidence of either neoplasm is also provided. The incidence of tumors at Week 79 was low except for the high-dose group of male and female rats, and the high-dose group of female mice. Although sample size was small, rats had a higher incidence of HCC at Week 79 than did the controls, and at termination, the incidence of HCC for the 12,500-ppm rats was comparable to that seen at Week 79. On the other hand, female mice had a higher incidence of HCA at Week 79 than did the other groups, but the incidence of HCA for the 6000 ppm female mice was higher at termination than at Week 79. Combining the incidence of HCC and HCA, a significantly higher incidence of total neoplasia was seen for the 100-ppm group of females rats, 2500-ppm male rats, 12,500-ppm, and recovery groups of male and female rats, compared with the concurrent control. For mice, a significantly higher incidence of total neoplasia was seen for the 500-ppm group of male mice, the 1500-, 6000-ppm groups, and recovery groups of male and female mice, compared with the concurrent control. No significant differences between the incidence of total neoplasia for the 100-ppm-male group of mice and the concurrent control group were seen, although the incidence appears to be high.
In order to better evaluate the incidence of tumors for the 100-ppm group of male mice, all incidences were compared with historical control values for total liver neoplasia of the same strains of rodents used in this laboratory. Compared with a historical incidence of tumors for F-344 rats from 7 studies conducted between 1991 and 1996, the tumor incidences for the 100-, 2500-, 12,500-ppm, and recovery groups of male rats, and the 100-, 12,500-ppm, and recovery groups of female rats, were significantly increased. For male mice, the incidence of tumors for the 1500-and 6000-ppm groups were significantly higher than the historical value from 3 studies conducted between 1991 and 1996; no difference was seen for the 500 -FIG. 1 . Percent survival for male rats exposed to 0, 100, 500, 2500, or 12500 ppm DEHP in the diet. Recovery animals were treated for 78 weeks with 12,500 ppm DEHP followed by 26 weeks of control diet.
FIG. 2.
Percent survival for female rats exposed to 0, 100, 500, 2500, or 12,500 ppm DEHP in the diet. Recovery animals were treated for 78 weeks with 12,500 ppm DEHP followed by 26 weeks of control diet. ppm group, perhaps because the incidence for the study control group was significantly below that for the historical controls. For female mice, the incidence of tumors for the 1500-, 6000-ppm, and recovery groups were significantly higher than the historical value.
Based on the comparison to concurrent and historical control values, treatment of rats with Ն2500 ppm DEHP or treatment of mice with Ն1500 ppm DEHP resulted in an increased incidence of hepatocellular tumors. Although a statistically significant difference in tumor incidence was observed for rats given 100 ppm DEHP compared with the concurrent controls, there was no increase in tumor incidence for the 500-ppm group of rats. Therefore, the biological significance of the increase at 100 ppm seems questionable. In addition, the biological significance of the statistically higher tumor incidence for the 500-ppm group of male mice was questionable because   FIG. 3 . Percent survival for male mice exposed to 0, 100, 500, 1500, or 6000 ppm DEHP in the diet. Recovery animals were treated for 78 weeks with 6000 ppm DEHP followed by 26 weeks of control diet.
FIG. 4.
Percent survival for female mice exposed to 0, 100, 500, 1500, or 6000 ppm DEHP in the diet. Recovery animals were treated for 78 weeks with 6000 ppm DEHP followed by 26 weeks of control diet. the concurrent control group had a significantly lower incidence compared with the historical record. Thus, the tumor incidence at 500 ppm may be a statistical artifact.
Cessation of treatment clearly results in a decrease in the incidence of total neoplasia relative to the group treated for 105 weeks. In most cases, the tumor incidence for the recovery groups was one-third to one-half the incidence for the corresponding group treated for its lifetime. The exception is the female mouse recovery group, which had a tumor incidence nearly as high as the group fed for 104 weeks. Interestingly, the tumor type that is affected by cessation of treatment differs, based on the species. For rats, the incidence of HCC was dramatically reduced, whereas the incidence of HCA did not appear to change. For mice, the reverse was true. The incidence of HCA was lower for the recovery groups, when compared with the 6000-ppm group, but the incidence of HCC was comparable.
Correlation of Tumors with Hepatomegaly and Peroxisomal
Enzyme Activity A visual comparison of tumor incidence to relative liver weight and palmitoyl CoA oxidation activity suggests that there is a good correlation between significant changes in palmitoyl CoA oxidation and tumorigenesis between liver weight and tumorigenesis. The incidence of tumors correlates well with the relative increase in palmitoyl CoA oxidation (correlation coefficients of Ͼ0.98 for rats and 0.86 and 0.99 for male and female mice, respectively). Conversely, the peroxisomal enzyme activity was reduced in recovery group animals, as was the incidence of total hepatocellular tumors.
DISCUSSION
The purpose of this study was to investigate the possible correlation cell proliferation, peroxisome proliferation, and tumorigenesis. The results demonstrate a strong correlation between prolonged peroxisome proliferation in the liver and hepatocarcinogenesis. Correlation coefficients of at least 0.89 were found between the increase in tumors and the increase in peroxisomal enzyme activity. The data also indicate that there is a minimum increase in peroxisomal enzyme activity necessary before significant numbers of tumors develop. For rats, increases in peroxisomal enzyme activity of Ͼ70% are associated with significant increases in tumors, while for mice, increases in peroxisomal enzyme activity of 300% are associated with an increase in tumors. Furthermore, the data suggest that continuous exposure is necessary for tumor development, i.e., the tumorigenic process is arrested if treatment is stopped. Comparing the tumor incidence at Week 79 to the incidence at Week 105, high-dose animals treated throughout their lifetime had essentially the same incidence of neoplasia at Weeks 79 and 105, whereas the recovery group had a much lower incidence at Week 105 compared with Week 79. These data support the hypothesis that oxidative stress plays an important role in the carcinogenesis of DEHP in that promotion of tumor growth is a key aspect to the hepatocarcinogenesis of this peroxisome proliferator. Peroxisome proliferation and oxidative stress were proposed as the underlying mechanisms for carcinogenesis by Reddy and coworkers in 1982 . Under this hypothesis, increased peroxisomal enzyme activity would result in an increase in free-radical oxygen that interacts with DNA to form 8-hydroxydeoxyguanosine. However, work by Tagaki et al. (1990) and Cattley and Glover (1993) have not conclusively demonstrated that nuclear DNA is affected by increased peroxisomal activity. Yet, the results of a recent study with AOX-null mice that lack the acyl Co-A oxidase enzyme, the first reaction in ␤-oxidation of fatty acids, reported that all the AOX-null mice developed liver tumors by 15 months (Fan et al., 1998) . These animals also had hydrogen peroxide levels well above those for the wild type. Peroxisome proliferation was also increased. The authors proposed that the unmetabolized fatty acids acted as a ligand for the peroxisome proliferator-activated receptor, PPAR-␣, leading to hepatocarcinoegenesis.
The activation of PPAR as the cellular mechanism for carcinogenesis appears to be well supported. Issemann and Green (1990) proposed that peroxisome proliferator activity was mediated through a specific receptor that is part of a super-family of nuclear receptors. Activation of PPAR in vitro by DEHP (Ledwith et al., 1993) and MEHP (Ledwith et al., 1996) have been demonstrated although high concentrations were required. The use of the PPAR-knockout mouse developed by Lee et al. (1995) has demonstrated a clear connection between PPAR and the development of hepatocellular tumors (Peters et al., 1997) . PPAR-null mice did not develop hepatocellular tumors following administration of WY-14,643, while the wild type mice did so. Thus, the mechanism by which DEHP activates the hepatocyte is clearly receptor-mediated. The results of this study demonstrate that this activation can have a threshold before biological differences in the hepatocyte are observable. Since the presence of PPAR-␣ in human liver has been reported (Tugwood et al., 1996; Palmer et al., 1998) , the existence of a threshold could have a significant impact on the assessment of risk associated with exposure to DEHP. In addition, the observation that cessation of treatment reduces both peroxisomal enzyme activity and tumor incidence suggests that promotion of transformed cells is a key aspect to the tumorigenesis of DEHP. Unfortunately, the promotional aspect of DEHP carcinogenesis is not reflected in sustained cell proliferation. Proliferation of hepatocytes in response to expo- Mitchell et al. (1985) and Marsman et al. (1988) ; both demonstrated that cell proliferation occurred at one week in rats. However, the results after longer exposure are conflicting. Mitchell et al. (1985) did not detect cell proliferation in Wistar rats treated with ϳ1000 ppm DEHP in the diet for 4 weeks. Likewise, Cattley et al. (1987) did not find cell proliferation in female F344 rats treated with 12,000 ppm DEHP for 2 years. By contrast, Marsman et al. (1988) found higher cell labeling in the livers of F344 rats treated with DEHP for 1 year when compared with controls, although both were at very low levels. Marsman et al. assumed that their use of infusion labeling accounted for the greater sensitivity in detecting low levels of cell proliferation in DEHP-treated rats versus the pulse-labeling method used by Mitchell et al. and Cattley et al. Other factors may have contributed to the increased sensitivity, however, since the study reported here also used infusion labeling rather than pulse labeling. Thus, the data presented here indicate that high levels of cell proliferation are not prolonged and are not evident at Week 105 with lifetime exposure to DEHP. The observation that the tumorigenic process is reversible supports the premise that continued cellular insult and sustained peroxisomal enzyme activity are required to elicit tumorigenesis. Certainly, reversibility of PP by DEHP is clear. Liver weights and PP activity return to control levels following 26 weeks of control diet after 78 weeks of consumption of diets containing 12,500 ppm DEHP. These data are consistent with the results of Ganning et al. (1985) who demonstrated that Sprague-Dawley rats treated with 20000 ppm DEHP for 1 year showed no evidence of PP after 2 weeks of control diet. However, the reversibility of HCC is noteworthy. While 34 -40% of the male and 20% of the female rats treated with 12,500 ppm for 78 or 105 weeks had HCC, only 13% of the male and 7% of the female rats allowed to recover for 26 weeks had HCC by termination of the study at Week 105. These differences suggest that cells that would have been characterized as HCC revert to a less malignant cell type. Although it seems unlikely that cell types already differentiated into HCC would change, apparent reversibility of HCC cell types has been reported previously by Teebor and Becker (1971) . Using 600 ppm 2-acetylaminofluorene (a genotoxic carcinogen) in the diet, Teebor and Becker found that the number of animals with hepatic nodules (presumed hepatocellular carcinomas) decreased from 90% to 4% in the 14 months following cessation of 3 months of treatment. In addition, the incidence of nodules decreased from 94% to 61% in the 13 months following cessation of 4 months of treatment. Interestingly, the incidence of HCA for the 12,500-ppm group and the recovery groups were equivalent, suggesting that this cell type is not as likely to revert to normal. On the other hand, the data suggest that HCC cells did revert to normal hepatocytes. Thus, HCC and HCA have different capacities for recovery.
From a regulatory aspect, the demonstration of a clear noobservable-effect level (NOEL) is important, especially when using the receptor-mediated approach to estimate human risk. For rats, a dietary concentration of 500 ppm (ϳ29 -36 mg/kg/ day for the lifetime of the animal) did not increase liver weight, induce PP in the liver, or increase the incidence of liver tumors. This NOEL is consistent with results reported by Mitchell et al. (1985) , Ganning et al. (1985) , and Cattley et al. (1987) , all of whom demonstrated that dietary concentrations of 500, 200, or 300 ppm, respectively, resulted in no PP in the livers of rats following administration for at least one year. Cattley et al. (1987) also reported no increase in the incidence of HCC in F344 rats treated for their lifetime with 300 ppm DEHP. For mice, a dietary concentration of 100 ppm (ϳ19 -24 mg/kg/day for the lifetime of the animal) did not increase liver weight, induce PP in the liver, or increase the incidence of liver tumors. Therefore, it is still appropriate to use the threshold approach in calculating the no-significant-risk dose for human exposure to DEHP, in spite of evidence that the phenomenon of PP may be receptor mediated (Issemann and Green, 1990) .
In conclusion, the data indicate that there exists a NOEL for DEHP oncogenicity and that some minimum level of peroxisome proliferation can be present without an increase in HCC. This suggests a threshold that must be exceeded before tumorigenesis occurs. In addition, there is evidence that the tumorigenic process can be reversed with cessation of treatment. Thus, continual exposure to DEHP may be necessary for tumors to develop, and DEHP may be acting as a weak promoter. This information is useful in evaluating the human health risk from long-term exposure.
